In low order streams of forested watersheds most energy that enters the system is allochthonous, derived from surrounding terrestrial vegetation (e.g., Vannote et al. 1980 ). The primary producers in such systems are largely benthic algae whose productivity appears to be light limited (Gregory 1980, Keithan and Lowe 1985, Sumner and Fisher 1979, Whitton 1975) . In investigations where light is made available to such streams, often through clearcutting, increases in algal biomass and changes in community structure have been reported (Hansmann and Phinney 1973, Murphy and Hall 1981, Webster et al. 1983 ). The cause of this shift in the algal community is difficult to identify, however, because of the multitude of parameters that co-vary with increased light following clearcutting, such as significant shifts in water chemistry and in water temperature. For example, Shortreed and Stockner (1983) found that increased light intensities following watershed logging led to a shift in algal community structure, but because of phosphorus limitation increase in algal biomass was not consistently significant.
The objectives of this study were to examine effects of specific nutrient additions on the accumulation and structure of the benthic algae community in streams draining a clearcut and a forested watershed in the southern Appalachian Mountains. Specifically, we wanted to answer the questions: 1. Does light limit algal accumulation in the forested stream system? 2. Are some populations of algae shade-adapted and limited by nutrients rather than by light? 3. What factors limit algal accumulation in the stream in the clearcut watershed? 4. Are certain algal morphologies or physiognomic forms favored in specific light and nutrient regimes? Substrata were collected after one and two months of exposure and gently cleaned with a toothbrush and squirt bottle. The resulting suspension was brought to a constant volume of either 150 or 200 ml. A 5-ml subsample was preserved in 0.5% formalin solution for later algal cell enumeration. MgCO3 was added to the remaining suspension, which was filtered (Gelman A/E glass fiber filter) and frozen. Samples were spectrophotometrically analyzed for chlorophylls a, b, and phaeophytin (APHA 1980). A portion of each 5-ml subsample from the 2-mo exposure substrata was analyzed for algal density and community structure using a Palmer-Maloney nannoplankton counting chamber and a Bausch and Lomb research microscope. The volume of subsample analyzed varied depending on cell densities. The community was analyzed at 400 x magnification. When required, specific identifications of non-diatom algae were made with 1000 x magnification of wet mounts. Certain diatom taxa required acid cleaning and mounting in Hyrax? for species identification. Species densities were calculated using the following formula: 2-mo pick up, however; at least one and in many instances two or three replicates were collected for each treatment.
Methods

Study site
Pigment concentrations did not differ significantly between the various nutrient combinations in the clearcut or reference stream by analysis of variance. Therefore, pigment data were pooled within each watershed. Chlorophylls a and b were substantially greater in the clearcut stream than in the reference stream (Table 1) , and there was relatively little phaeophytin. The trends observed in pigment data were also found in the biovolume data ( 
FIG. 2. Relative distribution of algal physiognomies in pooled samples from Big Hurricane Branch (clearcut) and Hugh White Creek (reference). Lines connecting "pie" sections indicate physiognomies that are not significantly different from each other (t-test, a=0.05).
the substrata with all three nutrients added had the least algal biovolume. As with chlorophyll, the clearcut stream supported significantly more biovolume than the reference stream across all nutrient treatments (Fig. 1). A total of 47 algal taxa, all but seven of which were diatoms, were observed in community analyses of the two streams. The t-tests performed on log-transformed biovolume data using nutrient treatments as replicates revealed several taxa whose distributions varied significantly with respect to watershed ( Table 2) . Sixteen algal taxa were significantly more abundant in the clearcut stream. Ten of these taxa were collected exclusively from this watershed including Spirogyra sp. which was the most abundant alga in the clearcut stream and accounted for more than 40% of the total biovolume in several samples. Spirogyra responded most positively to calcium and phosphorus, either alone or in combination (Table 3) . Two species of Achnanthes, A. lanceolata and A. minutissima were significantly more abundant in the clearcut stream and contributed a substantial portion to the biovolume of several of the nutrient treatments. The greatest occurrence of A. lanceolata was in the N + P treatment where the biovolume averaged 24.9 x 103 gm3/ mm2 and represented 44% of the community biovolume. Fragilaria vaucheriae, Gomphonema parvulum, Synedra ulna, and S. socia were also abundant in the clearcut stream (exceeding 9x103 1 um3/mm2 in at least one treatment.
Six diatom taxa occurred exclusively in the reference stream in spite of the overwhelming preponderance of total algal biomass in the clearcut stream. These taxa were Achnanthes detha, Eunotia exigua, E. rhomboidea, Meridion circulare, Navicula contenta and Tetracyclus rupestris (Table 2 ). Only M. circulare and E. rhomboidea contributed a significant portion of the biovolume in this watershed.
The distribution of algal biovolume based on physiognomic form was analyzed, assigning each algal taxon to a group based on how it is associated with the substratum. Designated physiognomic groups were erect, filamentous, prostrate, prostrate to stalked, motile, and Eunotia type (attaching by 1 or both ends). The two watersheds displayed relatively large differences with respect to which form was most prevalent (Fig. 2) (Fig. 2) ; however, the data set is highly skewed with a large biovolume of filamentous forms in some samples and none in others. Once the data were log transformed to reduce skewing, the most important forms in the clearcut stream were erect, prostrate to stalked, and motile. The Eunotia type form was almost absent from this watershed.
Discussion
Benthic algal accumulation did not respond significantly to nutrient addition in either stream, although a trend toward increased algal biomass with nutrient addition in the clearcut stream suggested that light may not be limiting in this stream. Both independent measures of algal accumulation, chlorophyll and biovolume, were significantly lower in the reference stream than in the clearcut stream across all nutrient treatments. We interpret this as strong evidence that light is limiting to algal accumulation in the forested watershed. Furthermore, trends in total biovolumes with nutrient addition were not apparent in the reference stream. In fact, little difference was seen between the control and the seven nutrient treatments (Fig. 1) . Lack of response to nutrient addition again suggests that algal accumulation is controlled by some other factor in this stream. We feel that light is that factor although unmeasured covariates cannot be ruled out. Light limitation of photoautotrophs in forested second-order streams is a widely accepted phenomenon. A similar increase in periphyton biomass following logging was reported by Lyford and Gregory (1975) and Murphy and Hall (1981) The analysis of algal communities based on physiognomic form revealed some significant differences between the streams. In the reference stream most of the algal biovolume was in the erect form, attached at one end. This may be adaptive in poorly lighted habitats. An erect pennate diatom has a minimum of its cell associated with the substratum while most of the cell length could receive light from almost any angle. The next most abundant form, Eunotia type, was established for algae with the ability to attach at one or both ends. The preponderance here of this physiognomy is probably a reflection of E. rhomboidea dominance more than an adaptive morphology. Being prostrate in a poorly lighted habitat is probably a poor strategy. Both motile and nonmotile prostrate diatoms may have advantages in avoiding the shear stress in high gradient streams but the tradeoff of poorer light conditions may limit this physiognomy in the reference stream. One might expect that filamentous forms would be relatively efficient at gathering light since they can project from the substratum. Lack of filamentous algae in the reference stream may be a function of light limitation (Hansmann and Phinney 1973, Shortreed and Stockner 1983).
In the clearcut stream there is ample light to support green filaments and the filamentous physiognomy appears to be well adapted. The only form poorly represented in this system is the Eunotia type which is significantly less abundant than all others. Physiognomies are more evenly distributed in the clearcut stream than in the reference stream. Reduced and perhaps limiting light availability appears to reduce the physiognomic options of members of an attached algal community and only with ample light can structural complexity develop.
